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1 Introduction 
In epilepsy of childhood, diagnosis of a focal origin 
is crucial for therapeutical decisions. As a 
noninvasive method, MEG may supplement the 
information obtained during EEG video monitoring. 
Since MEG provides a higher sensitivity for 
interictal events, the task of source modeling is 
manifold: 
a) localize potential irritative onset zones in MEG; 
b) localize interictal onset and propagation in EEG; 
c) localize seizure onset in EEG; 
d) increase sensitivity of seizure identification in 

EEG by using information of MEG localization; 
e) use MEG localization to build regional 

hypotheses for high resolution MR imaging; 
f) compare spatio-temporal models of interictal 

and ictal activity and match with high resolution 
MR images.  

In this paper we will present our methological 
approach of multiple source analysis in children 
with partial epilepsies. 

2 Patients and methods 
2.1 Reported patients 
Patient 1 was a 15 year old girl with a partial 
epilepsy and polymicrogyria in the left frontal lobe. 
In patient 2, a 9 year old girl, focal cortical dysplasia 
was suspected in the left frontal lobe. She suffered 
from simple and complex partial seizures. Interictal 
EEG showed centro-temporal spikes during sleep. 
Patient 3 had a cryptogenic partial epilepsy with 
clonic seizures of the right arm and complex-partial 
seizures. 

2.2 Methods 

Whole-head MEG (Neuromag-122) and EEG (32-64 
channels) were recorded simultaneously in children 
and adolescents of age 4 to 18 years with partial 
epilepsy for 25 to 40 minutes. Spikes were visually 
identified off-line for EEG and MEG independently, 
Spikes with  similar spatio-temporal patterns (r>0,8) 
were averaged to reduce signal-to-noise-ratio. After 
high-pass filtering (5 Hz forward) to enhance onset, 
multiple source analysis was performed to separate 

onset and propagation zones in EEG and MEG using 
BESA2000 (MEGIS Software GmbH) [1, 2]. Co-
registration with MRI was based on a large number 
of surface points fitted to the rendered skin surface 
using BrainVoyager (Brain Innovation B.V.). 
Children with intractable epilepsy were examined by 
longterm video EEG for presurgical evaluation. Ictal 
EEGs were recorded with 32 to 46 surface electrods. 
In case of a regional seizure pattern, FFT and FFT 
phase maps were used to determine the major 
frequency of hypersynchronous activity.  Depending 
on the major frequency the onset segment was high- 
and low-pass filtered.  Regional sources were used 
in BESA to build a regional hypothesis for seizure 
onset. 

3 Results 
3.1 Patient 1 
Fig. 1 shows the EEG and MEG segments of 38 
averaged spikes and the corresponding spline maps. 
The MEG spike onset was delayed by 12 ms as 
compared to the EEG. This lead to the hypothesis of 
a radial orientation of the initial activity.  

a) b) 

 
Figure 1: Segment of 38 averaged spikes (patient 1) 
and spherical spline maps, tc 0,3/s, EEG 50 µV, 
MEG 200 fT/cm. a) EEG: initial onset-activity is 
radially orientated.  b) MEG: onset of activity is 
delayed by 12 ms as compared to EEG 
 



When the spike peak was analysed with a single 
dipole model (Fig. 2 a), the oblique equivalent 
dipole was localised deep in the cortex. A multiple 
source model with 2 spike sources and 2 additional 
sources for background alpha-activity showed an 
early radial onset and a fast propagation to a more 
superficial region with tangential orientation (Fig.2 
b). The MRI co-registration of EEG and MEG 
sources (Fig. 3) demonstrated the time lag and the 
topic implications. 
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b) 

 
Figure 2:  a) Single dipole model for EEG spike 
peak, b) multiple source analysis modelling spike 
onset. 

a) b) 

  

Figure 3:  a) MRI coregistration of EEG and MEG 
sources. b) activity of EEG and MEG sources. 
Initial spike activitiy was detected only by EEG. 

3.2 Patient 2 

Fig. 4 shows the interictal EEG and synchronous 
MEG of patient 2 during sleep. Although small left 
temporal spikes were detectable in EEG, additional 
spikes were seen in MEG during phases of extensive 
sleep changes as spindles or vertex waves. Multiple 
source analysis of 123 averaged MEG spikes 
showed onset and propagation in the rolandic area 
(Fig. 5). This correlated with the clinical diagnosis 
of BECTS. 

 
Figure 4: EEG and MEG coregsitration during sleep 
in patient 2, tc 0,3/s, EEG 50 µV, MEG 500 fT/cm 

a) b) 

  
Figure 5: Multiple source analysis of 123 averaged 
spikes (patient 2)  

3.3 Patient 3 
The EEG seizure pattern of the ictal onset is 
displayed in Fig. 6. The segment is already band-
pass filtered (3-30 Hz). The seizure was clinically 
classified as a clonic seizure of the right arm. MRI 
coregistration of the regional source corresponded 
well with the source localisation of MEG spikes 
(Fig. 7), leading to a hypothesis of a lesion in the left 
frontal lobe. T2 weighted high resolution MRI 
suggested FCD in this region (Fig. 8). 
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Figure 6: EEG seizure onset, 3-30 Hz zero phase 
shift filter (patient 3). 
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Figure 7:  a) Ictal EEG source localisation 
b) Interictal MEG source localisation (patient 3) 

 
Figure 8: Ictal source analysis leading to the 
hypothesis of left precentral FCD. 

4 Discussion 
In most cases with focal pathology, propagation was 
seen within 10 ms after interictal onset, as 
demonstrated in patient 1 and 2. MEG sensitivity 
was generally considerably higher during interictal 
onset, if there was a tangential or oblique orientation 
(patient 2). This demonstrates the potential 
advantage of MEG in detecting tangential activity 
[3, 4].  
EEG was seen to lead only in cases with initial 
radial activity. The onset of radially orientated 
spikes may be missed, if MEG is performed without 
EEG coregistration (patient 1). Thus, both methods 
had different, but complementary sensitivity with 
respect to the irritative cortex. To separate spike 
onset and propagation zones, 2-3 dipole sources 
were sufficient in most cases. If onset and peak were 
modeled by a single dipole, shifts in localization 
could be observed (patient 1). 
However, MEG as a non–invasive method adds only 
interictal information. It is not clear, wether MEG 
will play a role in the decision for surgical resection. 
A positive correlation of MEG localisation and 
EcoG could be demonstrated by several groups 
[5,6,7]. The correlation of MEG source localisation 
(irritative zone) and the epileptogenic cortex of 
seizure onset has to be proved in every single case 
(patient 3). Multiple source analysis of rhythmic 
seizure-onset activity could be one method for non-
invasive localisation of the epileptogenic zone [8]. 
FFT and FFT phase maps should be used to 
determine the major frequency of seizure patterns. 
Equivalent regional sources are sufficient to build a 
regional hypothesis apart from dipole orientations. 
The combination of MEG and EEG interictal and 
ictal EEG source localisation should help to build a 
regional hypothesis for high-resolution MRI or 
placement of invasive grid electrodes. As 
demonstrated in patient 3, our interpretation remains 
speculative, since this patient has not been operated 
yet. The presented methodical approach needs to be 
further validated by the gold-standards of invasive 
diagnostic and surgical outcome. 

5 Conclusion 
MEG is a valuable noninvasive adjunct to EEG 
monitoring and structural imaging in the diagnosis 
of focal epilepsy. In children, in particular with 
extratemporal lobe epilepsy, the higher sensitivity of 
the MEG enables the detection of epileptiform 
activity which might often go unnoticed in 
traditional EEG, especially in the case of large 
background activities. The combined recording and 



multiple source analysis of MEG and EEG provides 
an excellent tool to match MEG localization with 
EEG and other neuroimaging data. 
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